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The lcads for conductors and cables, specified by the regulatlons in force,
repressnt “capacities™ o. loads calculated under conditions of maximum permissible
heating, The tendency to economize ov nonfurroue metale lsd o a gradual increass
in these loads. Until 1939 they were calculated for conductérs with standard
rubder Insulation starting with a 20 degres centigrade drop in temperaeture; in
153G, this drop wes incre.sed to 30 degrees. In conductcers with heatprocf
Madber insnlatio., for wkich the meximmm admiseible temperature reaches TO
degre(s, the drop amounted to 45 deprees. If the ambient temperature is lower
than 25 degrees, this circumstance 18 aleo used to increase the loed.

Regardleds ~f this VES standard in effect until 1938, the conditions for
conductor protection by fuses, made it pomsibie to use only 80 percent of capacity.
‘!’}_115 limitavion no longer holds good. Finally, capacities for conductors with

crges gections up to 6 equare millimeters inclusive, ac oriing to VBS standards,
uaty: considerably lower than even those which correeponded to e drop of 20 degrees

% cawflgrade. i
} A8 a: result, the operating standarde for loads for conductors with standard
rubder insulation with a cross section of 10 square milllmeters and over, safe-
guarded by cut-otit fuses, heve increassed approximetely 5h percent as compared
with previoug 7ES eiandards, while for conductors with heatproofl rpbber insula-
tion, they have Increased BC percent. The divergence is greater whern the
ambient temperature is lower than 25 degreee centigrade.
-1 - -
« . CONFIRENTIAL
R N CLASSIFICATION CONFIDENTIAL
STARE NAVY HSRB DISTRIBUTION
ARNY AR £81 [T |

Sanitized Copy Approved for Release 2011/09/13 : CIA-RDP80-00809A000600260777-1



SomFpza 8
cowmmra || 50X1-HUM

AR In the case of Bmall cross sectlons, the comparative load increese 1s ComE Y

R ut11l greater. For example, for 2.5 square millimeter conductors with stederd SLIDNELED . .

g ineulation, safeguarded by cut-out fuses, the meximum locad according to VES . R
standarde amounted to 15 angetrom units, but, according to standerds now in T
force, it amounts to 27 angetrom units -- an 80 percent increase. o i

In the first approximation, the average root mean square loads of each
eloment of low-voltage neitwork increased inths eams ratlo. Hence 1t may be
astated that the operating standarde fecr loade are essociated with snergy losses
on low-voltage networke 2.5 to 3.5 times greater than those corresponding to
TES standards. This reeult compels us to give earnest attention to our
expedient operating load standards which exceed Americen standards, for sxemple,
hy 40 percent or more. The gravity of the problem of power losses in factory
petworks is aggravated for the Soviet Union by the -tact that the ovemheTming
majority of our enterprises work on two or three mhifts.

Cost of Power Logses and Cost cof Nonferrous Products

TUntil now there hae been a widespread 1dea that nower loeses should be
aptimated in relmtion to comparative prices with eome coefflcient considersbly
smsller than anity. There is, however, 1o basis for such a favoreble sstimave.
This 1s evident from the following considerations: )

a. Lossses require the same fuel vonsumption: per kilowatt-hour es useful
release of energy; the moment of maximum loes colncidos with the moment of
maximm load. Hence, lousea in a power syster represent one of the most
unprofitable "consumers”.

. ‘The povwer coneumsd in losses in iow- vu.Lungu UBLWUILE Uvoriuvals vitu
inatallatiuns in all phases c¢f electric systems (generators =nd circuits).

¢. Power lossee in neiworks are very great and, computed from the bus
bars c¢f the station to tho consumption pointe, they amount tc about 25 to 30
percent of the eystem’s meximum load. Hence the sBtruggle to lower lusses, 1f
carrted into all pheses cf electric supply, would liberete a coneiderable amount
of power.

It folleows From these consideratione that power losses mmet not be calculated
by application of any exemptiuna. The greater the trensformation to which the
elactric current 1s subjected, the highar must be thelr estimate. The power
relenssd from low-voltage bus bars, and the power of the losses must be calculeted

- toBethér with & price estimste, not for fuel alone, ae has repeatedly been done,
but for amortization, ropdirs, and sarvice of all installatians beginning with
the electric station and ending with the step-down gubstations for consumers.

Turning to analyses of the costs of nonferrous metal products, we are con-
fronted by the problem of the so-called "deficit coefficlent” of nonferrous
metal with respect to electric power. It should be noted that the competent
planning departments never gave assent to the introduction of such & coefflclent.
Comparison of the economlc etructure of the net cost of elecuric power and non-
ferrous metal likewise affords no basis for 1t.

The main components of the nst tosts of nonferrous mete <1re: estimates
of the cost of installations and technological eqtiipment for extracting and
reprocessing ores, administrative expenses, labor, fuel, and electric pover.
The components of the cost of electric power represent the same elersrts plus,
to a large exteat, nonferrous motal. Hence; there ia no principal difference
between the econcmic stiucture of electric power and non ferrous metal. It
follove that, in(comput~tions, cost eutﬁmtes both for power losses snd for

acafurrous mebal producis mist be made in accordancs with slandard government
prices.
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Msthodological Bstimate of Economic Losds for Conductors and Catles

To determine. the. moat profitable loads, from the stendpolr: of ‘operating § iy o
expenses for conductors 1u low-voltage networks, 1t has proven mest convenient S > -
to employ Kslvin's formula in the following form:

' (1)
Jec = ‘//aoa eI
3 % [._"z— 5

vhere jec is the economic current densit:,':nﬂ denotes the total annual operat- =~ - v
ing estimates for & low-voltage network, expressed in unit parts; n 1s the ‘
congtant of the equation A equals m plue ng, expressing the smpirical relation
betwsen the cost of the wiring eystem A {in rubdles) end the cross section of the
conductor q {in square willimsters). = A denctes the total cost of all slements
of the wiring system {incinding eroction) which depend on the crogs section of | ST T
the conductdr selected, and releting to one meter of a three-phase lins; ki is '
the coefficient accounting for the rise in conductor resistance resulting from
current heeting; *T squals }:lkgtT is the annuel figure for maximum load utiliza-
tion, expresded in hours; 1~:l 13 the ratio of the durastion of the connected state
of the network element under corelderation to the duration of the work of the
enterprise {for 24 hours); X, 1s the relstion, expresecd in unit parts, of the
Toot meen square value of the load of # network element while undsr curvent end
the square of the maxtmum lced; % is the number of working honrs of the enter-
priss per 2U hours; T represents the number or working days per year; b, the cual
of the energy on the consumer bus bars in rubles.

In the selection of & cross section for conductors, extensive application
ol the principie of ths least possibls operating expenditures 18 extremely
difficult in low-vcltage networks consisting of a great many elements. It is
a matter not only rejuiring labor consuming accounting, but also a knowledge of
cheractsrista (including planning and operating) necessary for this accounting,
which msy present even more ¢ifficulties.

As & rule, the economic lcads siould be taken direct (without eny caleulations)
from a table. Such o table, of covrse, gives only very approximate solutions.
To consbtruct 1t, we shall start with the working conditions of networks in enter-
prises of the metallurgical industry. These networks have the advantege of veing
vell-utudied and wido-spread ard of having everage working characteristics as
corupared with other networks., Morsover, we shall commence with an enterprise which
has the moet frequently employed voltoge--380 volta.

After selecting certain values for the load currents, at which the cperating
characteristics (k., k,,”T") of the network elemsnts tranumitting these currerts
are sufficiently w%ll-known from actal plenning, we shall £ind it possible to
determine the corresponding sconomic current densities by using Eelvin's formmla
a8 noted abovs. The greator the load current, the greater ave the voluse of K, ,
ky, and, consequently, of "TU", It 1s, therefors, natural to aesume thet the
quantities T and lec as functions of transmiesible current ars expressed by &
smooth curve.

Gulded by the methodology mentioned ahove, we made a calculation releting
to conductors in gas conduite. The results of these celculations, as of all
calculatione prepared by the Kelvin formila, led to mach smaller loads than those
actually in use, However, thils gap wes considerably lessened by increasing the
calculated valuee of the economic current densities about 50 mercent. With this,
the devieticn from the optimum value carresponding to the principle of leest
operating cost vés ingignificaot and did not exceed T or 8 vercent,

A5 a resull, Tor & sysiem working on two shifts, we obtained the curve of

aconomic current densities in Figure 1l and the curve of economic loads in Figures
2.
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The economic loade applicable to conductors in gas condults can be extended
to sxposed conductors which are run along brick or concrete walls, Bince tns
economic indices of these conductors are very clcse.

Comparisons of the propeossd scale of aconomic lomds with the scals of maximbim
admssibls loads of the "Regulations for the Ingtallation of Electric Plants in
Industrial Fntervrises”  (PUEYP), and aiso with the American and German scales
for loads, are given in the tehls helow.

Loede for Condult

layouts Load for Open Wire laycuts

Cross . A A ) A A
S8sction of From Econo- A From Econo- A According According
Conductors mic Current According mic Current According .to American to Germen
in 84 mn Donsity to PUEPP Denmity to PUEFP  Standards Standards

1.0 h 13 4 15 4.9 20

1.5 6 15 6 20 8.4 25

2.5 10 22 10 27 16.9 3h

Y i5 31 15 36 - 21.8 L5

6 23 3T 23 - L6 27.5 57

10 35 ' 53 35 &8 39.4 . 78

16 52 70 52 92 5h 104

25 80 90 80 123 78.9 1137

35 105 : 130 105 152 91.7 168

50 140 150 1ko 192 117.5 210

T0 180 185 180 242 154 .2 260

95 223 225 223 292 187 310

120 268 255 268 3u2 2if.2 363

150 320 290 320 392 248.5 h15

185 b -- 380 150 308 Wrs

240 - -- 48p 532 381,k 560

S4udy of the table shows that:

1. Fer conductors laid in conduit, the econoris loads ars 70 percent less
than the loads cited in the "Bagulations for the Instaliation of Electric Tiante
in Industrisl Fgterprises” (PUEPP) for oross seotioms of one square millimeter;
34 parcent less for 10 millimeteraZ, 6.6 percent for 50 square millimeters. For
crose sections of 120 and 150 millimsters™ the economic load is, respectively,

5 and %0 percent groater than that of FULPP. In genmeril, Btarting fron 50 milli-
meters” cross secticas the economic losd approximates that of PUEFP.

2. In exposed wire layuts, the esooncnic load for couuuctors wich ane milli-
meter- oroass sections is 73 percemt 1685 than PUEPP loads and 18 percent less
thaa Ausrican loads; for 10 millimeters®, 49 psrcent less than PUAPP and 11 per-
otat less than Americdn loads; for 35 millmoterag, 31 percent less than FUEFP
and 16 percent more than American loads; for 35 millimterc? , 24 percent less
than PUKPP end 19 percent more than American loads; for 240 millimeters? , 10 per-
sent less than PUEPP and 26 perccut mcre than Americen loads.

I4 mist bs omphasised that the FUZFP, American; and Gorman tablea are not
Trepared on the principle of econcmic loads tut cn the principle of the maximum
permissible temperature for conductors.

This mrt’cle proves that raticmalization of tke table of loads effective 1n
the USER requires essenvial lowering of loads only.fcr conductors with smell and,
to somd exten*, with medium croes wecti-ms. It seéarcely concerns the other con-
ductera.

Appended figures follow.
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Figure 1. Curve of Eccnomic Current Demsities for Po’ - Network Conductors in
Ges Conduits. The loads on elements of the low-voltagi' netwark are aleng the
axls of the abscisss; the sconamic current density, along the axzis of the ordinates.
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Pigure 2. Curve of /
Econoumic Lomds for : /7' o
Power Network Conductors
in Gas Comduits. The
cross sections of the y
conductors ile aiong oo /
axis of the abacissa; - /
the recommended load, 300
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